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(54) Right angle attachment for power hand tool 



(57) A right angle attachment that is adapted to be 
attached to a small electrically powered rotary hand tool 
of the type that is used in woodworking, hobby work and 
other work is disclosed. Being small, lightweight, rela- 
tively vibration free and quiet in operation, the attach- 
ment is easily attached to a hand tool in a very short 
amount of time without the use of any special tools. The 
attachment has a flexible input shaft and an output shaft 
that are oriented at an angular orientation, such as ap- 
proximately 90° relative to one another so that the flex- 



ible shaft compensates for misalignment between the 
input shaft and the output shaft of the tool. In operation, 
the attachment is easily attached to the hand tool by 
merely removing the chuck that is a part of the original 
hand tool and attaching the chuck to the attachment out- 
put shaft, threadably engaging a driver nut on the rotary 
tool output shaft, engaging a mounting coupling assem- 
bly onto a threaded end of the rotary tool case, and fitting 
the attachment to the hand tool by merely sliding it into 
engagement and tightening the coupling assembly by 
hand. 



CM 
< 

m 

CM 
GO 

o> 

CM 



CL 
111 



wsoccin- <pp 




FIG. i 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP1 129 825 A2 



2 



Description 

[0001 J The present invention generally relates to pow- 
er hand tools and more particularly to a right angle at- 
tachment for the same. 5 
[0002] Small rotary hand tools have been marketed 
for many years for use in carrying out woodworking and 
metal working tasks by hobbyists as well as commercial 
artisans. Such small rotary hand tools generally have a 
motor unit with a rotary output shaft that is adapted to to 
connect to a number of accessories, a common one of 
which is a very long sheathed cable to which a sanding 
implement or rotary cutting implement can be attached. 
This enables the user to use the implement without lift- 
ing the drive unit itself which is often sufficiently large 1$ 
that it will cause fatigue to the user and also may inter- 
fere with desirable and effective use of the implement in 
close quarters. 

[0003] The drive unit of many recent models of such 
rotary hand tools is relatively small and lightweight 20 
which is capable of being easily used by a user. Such 
rotary hand tools may be smaller than many small flash- 
lights, i.e., they may have a diameter less than about 
two inches and a length of only about six inches. The 
tool has a small but powerful electric motor that drives 25 
an output shaft at high speed, and a rotary implement 
can be typically attached to the tool's output shaft which 
is axially aligned with the tool. When the implement is 
attached directly to the output shaft, it is convenient for 
use in many applications, but it is also desirable for 30 
some applications that the orientation of the grinding or 
cutting implement be changed to a right angle relation- 
ship relative to the output shaft. In the present applica- 
tion, a "right" angle is intended to have a broader mean- 
ing than precisely 90°, and refers to orientations having 35 
the general appearance of a 90° angle. 
[0004] For such usage, a right angle attachment may 
be convenient for users to get to hard to get at areas 
and provide greater maneuverability that enables the at- 
tached implement to be handled and controlled more *o 
easily. Right angle attachments may be highly desirable 
for doing such application work as grinding, polishing an 
engine cylinder, drilling in tight areas, repairing house- 
hold parts, grinding and sanding metal and wood, in ad- 
dition to model railroad and airplane building and repair 45 
work. 

[0005] Such right angle attachments have been de- 
signed for attachment to some tools, but many of such 
attachments are cumbersome to connect to the power 
unit tool in that they require tools such as screwdrivers, so 
wrenches and the like to do so. Moreover, such attach- 
ments often cannot be angularly adjusted relative to the 
rotary hand tool and also do not operate in a smooth 
and aesthetically pleasing manner, i.e., they exhibit dis- 
pleasing vibration, may overheat and are noisy during 55 
operation. 

[0006] Accordingly, it is a primary object of the present 
invention to provide an improved right angle attachment 



for use with small rotary hand tools which is easily at- 
tached to the tool without special tools. 
[0007] Another object is to provide such an improved 
right angle attachment that offers smooth reliable oper- 
ating characteristics, in that it does not overheat or ex- 
hibit excessive noise or vibration. 
[0008] Still another object of the present invention is 
to provide such an improved right angle attachment that 
is adapted to use the original chuck of the rotary hand 
tool which can be removed from the tool itself and ap- 
plied to the output shaft of the right angle attachment in 
a simple manner. 

[0009] A more detailed object of the present invention 
lies in the provision for the improved right angle attach- 
ment being easily mounted to the hand tool by simply 
removing the chuck from the hand tool, screwing a 
mounting coupling assembly onto the rotary tool hous- 
ing, screwing a driver nut onto the rotary tool output 
shaft, slipping the attachment onto the rotary shaft out- 
put shaft and rotating a mounting sleeve to tighten the 
same in place. 

[0010] Another detailed object of the present inven- 
tion is provide such an improved attachment which in- 
corporates a superior coupling design for coupling the 
output shaft of the hand tool to the input shaft of the at- 
tachment which is axially aligned with the rotary hand 
tool output shaft. The coupling incorporates a flexible 
shaft that is inserted into a driver nut having a unique 
interior configuration which easily accepts the flexible 
shaft and which effectively couples the rotary tool output 
shaft and attachment input shaft in a non-slipping rota- 
tional drive relationship. 

[0011] A corollary object lies in the provision of the 
flexible shaft being adapted to compensate for any mi- 
nor misalignment of the rotary tool output shaft and the 
input shaft of the attachment which could otherwise 
cause vibration and noise were it not for the flexibility 
and design of the flexible shaft and its connection to the 
input shaft of the attachment. 

[0012] Still another object of the present invention is 
to provide such an improved right angle attachment 
which can be angularly positioned relative to the rotary 
tool itself throughout a complete 360° arc in increments 
that are relatively small. A corollary object is to provide 
such angular orientation capability that can be very sim- 
ply achieved by merely loosening the mounting cou- 
pling, sliding the attachment off of the rotary tool, angu- 
larly reorienting it and sliding the attachment back onto 
the tool and retightening the mounting sleeve. 
[0013] Another detailed object lies in the provision for 
using a driver nut (which is screwed onto the rotary tool 
output shaft) that has a relatively large number of inter- 
nal grooves which cooperate with a square end portion 
of the flexible shaft that is inserted therein so that the 
right angle attachment can be easily attached to the ro- 
tary tool by sliding the attachment onto the rotary tool 
which simultaneously results in the flexible shaft being 
inserted into the driver nut without requiring any rotation 
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of one or the other of the tool output shaft or the attach- 
ment output shaft. 

[0014] Accordingly, the present invention provides an 
attachment for a power hand too! of the rotational type 
which has an output drive shaft and a tool case suspend- 5 
ing the output drive shaft. The attachment includes a 
housing, a gear assembly having a flexible input shaft, 
an output shaft and a transmission between the flexible 
input shaft and the output shaft, the housing being con- 
figured for containing the flexible input shaft, and the io 
transmission. A mounting coupling assembly includes 
an adaptor fixable to either one of the tool case or the 
housing, the adaptor having an opening through which 
the input shaft or the output drive shaft may pass for 
connection of the input shaft with the output drive shaft, *5 
and a mounting sleeve having a central opening for 
passing of the flexible input shaft or the output drive 
shaft and being configured for securing the adaptor to 
the corresponding other one of the housing or the tool 
case for attaching the attachment to the power hand 20 
tool. 

[0015] In another embodiment, an attachment is pro- 
vided for a rotary power hand tool which has an output 
drive shaft. The attachment includes a gear assembly 
having a flexible input shaft, an output shaft, a transmis- 25 
sion between the input shaft and the output shaft, the 
flexible input shaft having a first end connectable to the 
output drive shaft, a hollow transmission input shaft at 
least partly containing the flexible input shaft and being 
in a fixed rotational coupling with the flexible input shaft 30 
adjacent to a second end of the input shaft, and a trans- 
mission gear being fixed to the hollow transmission shaft 
for transmission of rotational energy from the hollow 
shaft to the output shaft. 

[0016] Other objects and advantages will become ap- 35 
parent upon reading the following detailed description, 
while referring to the attached drawings, in which: 

FIG. 1 is an exploded perspective view of a portion 
of a right angle attachment embodying the present 40 
invention, the drawing excluding the mounting cou- 
pling assembly that is used for securing the portion 
shown in the drawing of FIG. 1 to a rotary hand tool; 
FIG. 2 is a perspective view of a driver nut that is 
used with the attachment of the present invention, 45 
the driver nut being screwed onto the output shaft 
of the rotary hand tool to which the attachment is 
attached; 

FIG. 3 is an enlarged left end view of the driver nut 
shown in FIG. 2; so 
FIG. 4 is a sectional perspective view of the right 
angle attachment embodying the present invention; 
FIG. 5 is a plan view of the flexible shaft that is used 
in the present invention; 

FIG. 6 is a sectional view of a portion of a rotary ss 
hand tool to which the attachment of the present in- 
vention is attachable; and, 

FIG. 7 is a sectional view of the transmission input 



shaft of the right angle attachment embodying the 
present invention. 

DETAILED DESCRIPTION 

[0017] Broadly stated, the present invention is direct- 
ed to an attachment, and preferably a right angle attach- 
ment that is configured to be attached to a small elec- 
trically powered rotary hand tool of the type that is used 
in woodworking, hobby work and the like, the attach- 
ment being small, lightweight, relatively vibration free 
and quiet in operation, and easily attached to a hand 
tool in a very short amount of time without the use of any 
special tools. The attachment has a flexible input shaft 
and an output shaft that are oriented at an angular ori- 
entation, such as approximately 90° relative to one an- 
other, with the flexible input shaft being coupled to the 
hand tool to compensate for misalignment between the 
input shaft and the output drive shaft of the tool. 
[0018] The attachment is easily attached to the hand 
tool by merely removing the chuck that is a part of the 
original hand tool and screwing the chuck to the attach- 
ment output shaft, screwing a driver nut on the rotary 
tool output drive shaft, screwing mounting coupling as- 
sembly onto a threaded end of the rotary tool case, fitting 
the attachment to the hand tool by merely sliding it into 
engagement and tightening the mounting coupling as- 
sembly by hand. The attachment has a fluted interior 
that cooperates with a complementary fluted exterior on 
the adaptor so that the angular position of the attach- 
ment relative to the tool can be changed in small incre- 
ments throughout a complete revolution. This enables 
a user to position the output shaft of the attachment to 
virtually any desired angular position relative to the hand 
tool. While the number of flutes can be varied, there are 
preferably 12 flutes in the preferred embodiment, which 
enables the angular position to be changed in 30° incre- 
ments. 

[0019] Turning now to the drawings, and particularly 
FIG. 1 , the attachment indicated generally at 1 0 includes 
a housing including components 12 and 14 in which a 
gear assembly, indicated generally at 16, is placed. The 
gear assembly 16 includes a pair of spiral bevel gears 
18 and 20 which engage one another and translate the 
rotational movement at right angles, with the gear 20 
being connected to an output shaft 22. The output shaft 
22 is connected to a transmission output shaft 23 to 
which the gear 20 is actually attached, and which rides 
in spaced bearings 24 and 26, preferably ball or roller 
bearings so that shaft gear can easily rotate, with the 
outer portion of the bearing being held in suitable re- 
cesses 27 in the housing components 12 and 14. The 
gear assembly 16 also has a hollow transmission input 
shaft 28 (also referred to as the hollow shaft) to which 
the gear 1 8 is attached, and also includes a flexible input 
shaft 30 (also referred to as the flexible shaft) that is 
located in the hollow shaft 28 is attached to it at its end 
31 (see FIG. 7) beyond the end of the gear 18. A pair of 
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spaced bearings 32 and 34 are provided which permit 
easy rotation of the gear 18, shafts 28 and 30. The gears 
1 8, 20 and the shafts 23 and 28, are collectively referred 
to as the transmission. 

[0020] An important feature of the present invention 5 
is that the hollow transmission input shaft 28 is secured 
or fixed within the housing 12, 14 on the bearings 32, 
24 to accommodate high speed rotation, which is initi- 
ated by the flexible shaft 30 : which is not fixed relative 
to the housing, and is not supported by bearings. 10 
[0021] While in the preferred embodiment, the shafts 
23 and 28 are oriented at generally a right angle to each 
other, it will be appreciated that the use of the flexible 
shaft 30 within a hollow shaft 28 may be used in other 
angular orientations and still provide the features of re- 15 
duced misalignment. Also, the use of the present flexible 
shaft drive system may be employed in other types of 
attachments for power hand tools. 
[0022] Referring to FIG. 4, which illustrates another 
perspective view of the attachment 10, it shows a 20 
mounting coupling assembly, indicated generally at 36, 
which is adapted to be screwed onto an electrically pow- 
ered rotary hand tool 38, a portion of which is shown in 
the cross-sectional view of FIG. 6. The hand tool 38 is 
preferably of the type which has a cord that is plugged 25 
into a source of AC power, but the present invention can 
be used with any rotary hand tool that may be powered 
with a battery pack or other source of electrical power. 
The hand tool 38 has a threaded end portion 40 of its 
case or tool case 41 which may normally have a thread- 30 
ed end cap attached to it which has been removed and 
the hand tool 38 also has a threaded output drive shaft 
42 on which a chuck 44 Is typically provided. It should 
be understood that the chuck 44 may be secured to the 
output drive shaft 42 in other known ways besides 35 
threaded engagement. 

[0023] In FIG. 6, the chuck 44 has been removed from 
the shaft 42 and applied to the output shaft 22 of the 
attachment 10 as shown in FIG. 4. The chuck 44 has a 
collet 46 and collet nut 48 of conventional design. It *o 
should be apparent that it is preferred that the output 
shaft 42 be of the same diameter as the output shaft 22 
of the attachment 10 so that the same chuck 44 can be 
removed from the rotary hand tool and applied to the 
attachment by simply unscrewing from one and screw- 45 
ing it onto the other. 

[0024] The mounting coupling assembly 36 includes 
an adaptor 50 that has internal threads 52 that are con- 
figured to engage threads 40 of the hand tool 38. How- 
ever, it is contemplated that other engagement configu- so 
rations, such as bayonet type or the like may also be 
employed to secured the adaptor 50 onto the case 41 . 
It is also contemplated that the adaptor 50 may be di- 
mensioned to engage the housing 1 2, 1 4, depending on 
the application. 55 
[0025] In the preferred embodiment, the adaptor 50 is 
screwed onto the hand tool 38 until it is tight and secure. 
The adaptor 50 as an internal opening 54 that is larger 
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than the diameter of the output drive shaft 42 of the hand 
tool, with the spacing between the outside diameter of 
the shaft 42 and the inside diameter 54 of the adaptor 
50 being sufficient to enable a driver nut 56 to be 
screwed or otherwise attached onto the shaft 42 without 
interference with the adaptor 50 itself. The adaptor 50 
also has a outwardly extending annular flange 58 which 
is adapted to engage an interiorly or radially inwardly 
directed collar portion 62 of a mounting sleeve 60, pref- 
erably taking the form of a finger nut, when the sleeve 
60 is tightened during attachment to the tool 38. The 
mounting sleeve 60 has interior threads 64 for engaging 
a threaded portion 66 formed by the housing compo- 
nents 12 and 14 of the attachment. It should be under- 
stood that the mounting coupling assembly 36 can be 
reversed so that the adaptor 50 is secured to the hous- 
ing 1 2, 1 4, and the mounting sleeve 60 may be engage- 
able on the tool case 41 , depending on the application. 
[0026] In accordance with an important aspect of the 
present invention, the inside surface of the housing 
components 12 and 14 contains a plurality of axially di- 
rected splines 68 that extend around the complete cir- 
cumference. The adaptor 50 has a cylindrical end por- 
tion 70 which has an outside surface that contains the 
same number of complementary splines 71 , and these 
splines are adapted to engage the splines 68 of the at- 
tachment 10. While there may be a greater or lesser 
number of splines, the preferred embodiment has 12 
splines 68 and 71 which permit the attachment 10 to be 
positioned in 12 different angular positions in 30° inter- 
vals relative to the rotary tool. 

[0027] This feature permits the userto position the an- 
gle of the attachment 1 0 relative to the rotary tool 38 for 
optimum personal preference for the task being per- 
formed. Another advantage of this splined engagement 
feature is that the user always knows before attachment 
the angular orientation of the output shaft 22 relative to 
the axis of the rotary tool 38. This means that the attach- 
ment will not rotate axially relative to the tool axis during 
assembly, which could potentially interfere with the er- 
gonomics of the attachment relative to the controls of 
the tool 38. It should be understood that while the com- 
plementary splined configuration of the adaptor 50 and 
housing components 12 and 14 have been shown and 
described, other complementary structural configura- 
tions can be used to mount the attachment 1 0 at various 
angular positions relative to the rotary tool 38. 
[0028] In accordance with another important aspect 
of the present invention, the flexible input shaft 30 
shown in FIGS. 1 , 4 and 5 is generally circular, except 
that the ends 72 and 74 are square. The flexible shaft 
30 is of conventional design and includes a core of wire 
plus four opposed layers of concentrically wrapped wire. 
The core is preferably approximately 1/8 inch in diame- 
ter. The end portions are preferably squared by a cold 
swaging process and the flexible shaft is approximately 
an inch long and is preferably model No. 130-21 manu- 
factured by the Suhner Company of Rome, Georgia. 
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[0029] An important feature of-the present attach- 
ment 1 0 is that the flexible input shaft 30 has a diameter 
which is less than a bore 29 defined by the hollow trans- 
mission input shaft 28, and thus can flex to a certain 
degree within the bore. Since the flexible input shaft 30 5 
fits within the hollow input shaft 28 and extends beyond 
the end thereof, the fact that the flexible shaft can flex 
with in the hollow shaft allows for the use of a longer 
flexible shaft to better accommodate misalignment be- 
tween the output drive shaft 42 and the hollow shaft 28 io 
while allowing for a shorter profile of the attachment 1 0. 
[0030] Since the flexible shaft 30 has an outer diam- 
eter slightly less than the inside diameter of the input 
shaft 28, it is free to flex during operation and is therefore 
able to compensate for any structural misalignment be- 15 
tween the attachment and the rotary tool 38. The ability 
of the shaft 30 to flex reduces the need for exceedingly 
close manufacturing tolerances and is important in re- 
ducing vibration and noise during operation. 
[0031] An exposed or protruding end of the flexible 20 
shaft 30 is insertable into the driver nut 56 (FIG. 4) when 
the attachment is applied to the rotary tool 38. The flex- 
ible shaft 30 is attached to the hollow transmission input 
shaft 28 at the end thereof by a swaging or crimping of 
the end 31 of the shaft 28, which is just beyond the gear 25 
18. 

[0032] One or both of the end portions of the flexible 
shaft 30 may have a beveled portion as shown in the 
right end 74 in FIG. 5 to remove the sharp 90 degree 
corners to further facilitate insertion of the flexible shaft 30 
into the driver nut during installation of the attachment 
10 or into end 31 of the input shaft during the manufac- 
turing process. The bevel may have an approximately 
45 degree angle as shown or it may be a greater or less- 
er angle or even curved. The surface can be formed by 35 
swaging, grinding or cutting as desired. 
[0033] In accordance with yet another important as- 
pect of the present invention, the driver nut 56 shown in 
FIGS. 2 and 3 has a hexagonal outer configuration so 
that a wrench can be used to apply it to or remove it from *o 
the output shaft 42. The driver nut has a hollow interior 
76 that provided with a threaded surface and is sized so 
that the driver nut 56 can be screwed onto the output 
shaft 42. Again, other attachment technologies besides 
threaded engagement are contemplated. The right end 4 $ 
portion 78 has an opening 80 that is smaller than the 
threaded interior 76 and thereby forms an interior annu- 
lar shelf 82 at the right end portion 78 that engages the 
outer end of the output shaft 42 when the nut 56 is tight- 
ened on the output shaft. The opening 80 also has an so 
interior grooved configuration that preferably contains 8 
symmetrically located grooves 84. This 8 point groove 
configuration is used to provide easier insertion of the 
square end 74 of the flexible shaft 30 into the driver nut 
56 when the attachment is mounted to the rotary hand 55 
tool 38. It should be understood that a 4 point grooved 
configuration could be used, but with a configuration, the 
square ended shaft would have to be more accurately 



aligned to enable insertion of the flexible shaft 30. 
[0034] It has been found that with the 8 point grooved 
configuration, only a maximum of 45 degree in angular 
adjustment is required to permit insertion, rather than a 
possible 90 degree adjustment for a 4 point configura- 
tion, and as a practical matter, insertion by the flexible 
shaft 30 into the 8 point configured driver nut is easily 
accomplished without any appreciable difficulty. It 
should also be understood that the preferred embodi- 
ment employs a square ended flexible shaft configura- 
tion and an 8 groove opening in the driver nut 56, the 
flexible shaft could have a multi-sided configuration that 
is other than square, i.e., it could be triangular or even 
pentagonal. The spirit of the invention would encom- 
pass a number of grooves that is larger than the number 
of sides of the multi-sided end of the flexible shaft. 
[0035] From the foregoing, it should be appreciated 
that an improved right angle attachment has been 
shown and described which has many desirable advan- 
tages and attributes. The attachment is small and com- 
pact, and is capable of being easily attached to a rotary 
hand tool without the need for special tools. Moreover, 
it is quiet during operation and does not exhibit undesir- 
able vibration that is often experienced from other prior 
art designs. The attachment also has the advantage that 
it can be attached to a rotary hand tool at any one of a 
plurality of angular positions so that a user can utilize 
the optimum angular position for any given task if de- 
sired. It should also be understood that while the driver 
nut, finger nut assembly, adjustable angular adjustability 
and flexible shaft design are shown and described with 
respect to the right angle attachment, the invention is 
not limited to a right angle attachment and can be used 
with other conceivable hand tool applications where the 
design considerations in coupling axially aligned rotat- 
able shafts are similar, such as surgical and other instru- 
ments, for example. 

[0036] While various embodiments of the present in- 
vention have been shown and described, it should be 
understood that other modifications, substitutions and 
alternatives are apparent to one of ordinary skill in the 
art. Such modifications, substitutions and alternatives 
can be made without departing from the spirit and scope 
of the invention, which should be determined from the 
appended claims. 

[0037] Various features of the invention are set forth 
in the appended claims. 

Where technical features mentioned in any claim are fol- 
lowed by reference signs, those reference signs have 
been included for the sole purpose of increasing the in- 
telligibility of the claims and accordingly, such reference 
signs do not have any limiting effect on the scope of 
each element identified by way of example by such ref- 
erence signs. 
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Claims 

1 . An attachment for a power hand tool of the rotation- 
al type which has an output drive shaft and a tool 
case suspending the output drive shaft, said attach- 
ment comprising: 

a housing; 

a gear assembly comprising a flexible input 
shaft; an output shaft and a transmission be- 
tween said flexible input shaft and said output 
shaft, said housing being configured for con- 
taining said flexible input shaft, and said trans- 
mission; 

a mounting coupling assembly comprising an 
adaptor fixable to either one of the tool case or 
said housing, said adaptor having an opening 
through which said input shaft or said output 
drive shaft may pass for connection of said in- 
put shaft with said output drive shaft, and a 
mounting sleeve having a central opening for 
passing of said flexible input shaft or said out- 
put drive shaft and being configured for secur- 
ing said adaptor to the corresponding other one 
of said housing or the tool case for attaching 
the attachment to the power hand tool. 

2. The attachment as defined in claim 1 further includ- 
ing a driver nut configured for attachment to the out- 
put drive shaft of the rotary hand tool and having an 
opening in the end thereof that contains a plurality 
of grooves, the opening being adapted to receive 
said flexible input shaft when said attachment is in- 
stalled on the rotary hand tool. 

3. The attachment as defined in claim 1 wherein the 
output drive shaft is threaded, and said driver nut is 
configured to be threadably attached to the output 
drive shaft. 

4. The attachment as defined in claim 1 wherein said 
transmission includes a pair of gears operatively 
connected to a transmission input shaft which is en- 
gaged with said flexible input shaft and a transmis- 
sion output shaft which is engaged with said output 
shaft, said gears on said transmission shafts en- 
gaging one another for rotating said output shaft in 
response to rotation of said input shaft. 

5. The attachment as defined in claim 1 wherein said 
adaptor of said mounting coupler assembly has a 
first end portion which is threaded to engage a 
threaded end portion of the rotary hand tool case, 
the adaptor having a central opening through which 
the rotary hand tool output shaft may pass, said 
mounting sleeve having an interiorly threaded side 
portion for engaging a threaded exterior end portion 
of said housing when said attachment is threaded 
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onto the rotary hand tool. 

The attachment as defined in claim 5 wherein said 
adaptor has a radially projecting flange, and said 
sleeve has a radially inwardly projecting collar di- 
mensioned to engage said flange so that as said 
sleeve is threadably secured to said housing, said 
housing is engaged onto the tool case. 

The attachment as defined in claim 5 wherein said 
adaptor includes a second end portion opposite 
said first end portion, said second end portion hav- 
ing an outer surface configuration that comprises a 
first plurality of axially aligned splines extending 
around the complete periphery thereof, said hous- 
ing having an interior surface opposite said thread- 
ed exterior end portion, said interior surface having 
a second plurality of axially aligned complementary 
splines extending around the complete periphery 
thereof, said first and second pluralities of splines 
being engagable in a plurality of angular positions 
relative to one another. 

The attachment as defined in claim 7 wherein said 
plurality of splines comprises 12 splines, said at- 
tachment being capable of being angularly adjust- 
able relative to the rotary hand tool through 360 de- 
grees in 30 degree intervals. 

The attachment as defined in claim 4 wherein said 
transmission input shaft is elongated and hollow 
and has one of said gears attached to a first end 
portion thereof, said flexible input shaft being elon- 
gated and having a smaller diameter that the inside 
of said hollow transmission input shaft, said flexible 
inputshaft being located in said hollow transmission 
input shaft and being connected thereto at said first 
end portion thereof, the opposite end of said flexible 
input shaft extending beyond the end of said trans- 
mission input shaft. 

The attachment as defined in claim 9 further includ- 
ing a driver nut configured for attachment to the out- 
put drive shaft of the rotary hand tool and having an 
opening in the end thereof that contains a plurality 
of grooves, the opening being adapted to receive 
said flexible shaft when said attachment is installed 
on the rotary hand tool, and wherein said flexible 
input shaft has a multi-sided end portion configured 
for insertion into said opening of said driver nut 
when said attachment is installed on the rotary hand 
tool. 

The attachment as defined in claim 1 0 wherein said 
multi-sided end portion of said flexible shaft is 
square. 



12. The attachment as defined in claim 1 0 wherein said 
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driver nut comprises: 

a generally cylindrical body with a hollow inte- 
rior extending from one end to the opposite end 
portion; 5 
said hollow interior having a threaded interior 
surface adapted to engage the threaded output 
shaft so that the driver nut can be attached to 
the output shaft; 

said opposite end portion having an opening 10 
that is smaller than the diameter of said hollow 
interiorto thereby form an interior annular shelf; 
said opening having a plurality of axially orient- 
ed symmetrically arranged grooves for receiv- 
ing the multi-sided flexible shaft end portion, 15 
the number of grooves being greater than the 
number of sides of the flexible shaft end por- 
tion. 

13. The attachment as defined in claim 12 wherein the 20 
end portion of the input shaft is square and said 
number of grooves is eight. 

14. The attachment as defined in claim 1 wherein said 
housing has a right angled configuration and said 25 
transmission is configured to transmit rotation of 
said flexible input shaft at right angles to said output 
shaft, which is oriented at a right angle to said flex- 
ible input shaft. 

30 

15. A driver nut for use in coupling a drive attachment 
to a rotary hand tool of the type which has a thread- 
ed output shaft at one end thereof and a tool case 
having a threaded end portion concentric posi- 
tioned adjacent the output shaft and adapted to re- 35 
ceive the attachment when it is installed on the ro- 
tary hand tool, with the attachment having a multi- 
sided flexible input shaft end portion that is adapted 

to extend to and engage the driver nut when the 
driver nut is attached to the output shaft, said driver *o 
nut comprising: 

a generally cylindrical body with a hollow inte- 
rior extending from one end to the opposite end 
portion; 45 
said hollow interior having a threaded interior 
surface adapted to engage the threaded output 
shaft so that the driver nut can be attached to 
the output shaft; 

said opposite end portion having an opening so 
that is smaller than the diameter of said hollow 
interiorto thereby form an interior annular shelf; 
said opening having a plurality of axially orient- 
ed symmetrically arranged grooves for receiv- 
ing the multi-sided flexible input shaft end por- 55 
tion, the number of grooves being greater than 
the number of sides of the flexible input shaft 
end portion. 



16. The driver nut as defined in claim 15 wherein the 
end portion of the flexible input shaft is square and 
said number of grooves is eight. 

17. The driver nut as defined in claim 15 wherein said 
cylindrical body has a hexagonal outer configura- 
tion. 

18. Apparatus for removably coupling a first rotatable 
shaft to a second rotatable shaft axially aligned with 
but spaced from the first shaft, the end of the first 
shaft having an opening with a cross sectional con- 
figuration that is non-circular, said apparatus com- 
prising: 

an elongated flexible input shaft operably con- 
nected to said first and second rotatable shafts, 
the flexible input shaft being adapted to com- 
pensate for minor variations in axial alignment 
between the first and second rotatable shafts; 
said flexible input shaft having a first end por- 
tion with an irregular cross sectional configura- 
tion that is complementary to the Interior con- 
figuration of the first rotatable shaft so that ro- 
tation of the first rotatable shaft causes rotation 
of said flexible shaft when said first end portion 
of said rotatable shaft is inserted within the 
opening; and 

said flexible shaft having a second end portion 
opposite said first end portion that is adapted 
to be fixedly attached to the second rotatable 
shaft. 

19. The apparatus as defined in claim 18 wherein the 
non-circular cross sectional configuration of the 
opening is a multi-point splined configuration. 

20. The apparatus as defined in claim 19 wherein the 
configuration is an eight point splined configuration. 

21. The apparatus as defined in claim 18 wherein the 
first end portion of said rotatable flexible shaft has 
a cross sectional configuration that is square. 

22. The apparatus as defined in claim 18 wherein the 
second rotatable shaft is elongated and has a hol- 
low interior, said flexible shaft having a diameter 
that is smaller than the hollow interior, said flexible 
shaft extending through the hollow interior and said 
second end portion being attached to the end of the 
second rotatable shaft. 

23. An attachment for a rotary power hand tool which 
has an output drive shaft, said attachment compris- 
ing: 

a gear assembly having a flexible input shaft, 
an output shaft, a transmission between said input 
shaft and said output shaft, said flexible input shaft 
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having a first end connectable to the output drive 
shaft, a hollow transmission shaft at least partly 
containing said flexible input shaft and being in a 
fixed rotational coupling with said flexible input shaft 
adjacent to a second end of said input shaft, and a 5 
transmission gear being fixed to said hollow trans- 
mission shaft for transmission of rotational energy 
from said hollow shaft to said output shaft. 

24. The attachment as defined in claim 23 wherein said 10 
hollow shaft has a central bore dimensioned to ac- 
commodate said flexible input shaft, said flexible in- 
put shaft having a cross section, and said bore hav- 
ing a diameter which is greater than said cross sec- 
tion to permit said flexible input shaft to flex within 
said bore to accommodate differences in alignment 
between said transmission input shaft and the out- 
put drive shaft of the tool. 



25. The attachment as defined in claim 23 further in- 
cluding a housing configured for containing said 
gear assembly, and at least one bearing for secur- 
ing said hollow transmission shaft in said housing 
for rotation relative thereto, said rotation being ini- 
tiated by said flexible input shaft. 
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(54) Right angle attachment for power hand tool 



(57) A right angle attachment that is adapted to be 
attached to a small electrically powered rotary hand tool 
of the type that is used in woodworking, hobby work and 
other work is disclosed. Being small, lightweight, rela- 
tively vibration free and quiet in operation, the attach- 
ment is easily attached to a hand tool in a very short 
amount of time without the use of any special tools. The 
attachment has a flexible input shaft and an output shaft 
that are oriented at an angular orientation, such as ap- 
proximately 90° relative to one another so that the flex- 



ible shaft compensates for misalignment between the 
input shaft and the output shaft of the tool. In operation, 
the attachment is easily attached to the hand tool by 
merely removing the chuck that is a part of the original 
hand tool and attaching the chuck to the attachment out- 
put shaft, threadably engaging a driver nut on the rotary 
tool output shaft, engaging a mounting coupling assem- 
bly onto a threaded end of the rotary tool case, and fitting 
the attachment to the hand tool by merely sliding it into 
engagement and tightening the coupling assembly by 
hand. 
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